Gas-liquid Contact Plate and Gas-liquid Contactor 

Field of the Invention 

The present invention relates to a gas-liquid 
5 contact plate used for absorbing a gas into a liquid 
and, more particularly, to a gas-liquid contact plate 
and a gas-liquid contactor that enable efficient 
^ absorption by dramatically increasing a gas-liquid 

^ contact area. 

«fj 10 Background of the Invention 

'J Gas-liquid contact plates are provided in the 

plural number in an absorption tower (gas-liquid 
^ contactor) mainly in a chemical plant etc,, and are 

51 used to efficiently absorb components in a gas such 

15 as carbon dioxide discharged from the chemical plant 

i y 

into an absorbing solution. The gas-liquid contact 
in the absorption tower is accomplished by causing a 
liquid containing an absorbent (absorbing solution) 
to flow down from the upper part and by introducing a 

20 gas containing components to be absorbed from the. 

lower part. At this time, as the liquid-gas contact 
area increases, the components in the gas can be 
absorbed in high yields. Therefore, it is to be 
desired that the gas-liquid contact plate has a shape 

25 such that the liquid-gas contact area is increased. 
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For this reason^ there has been used a method in 
which a gas is introduced from the lower part while a 
liquid is allowed to flow down as wide as possible 
from the upper part. In such a gas absorbing method 
5 using gas-liquid contact, it is necessary to increase 
the wettability of plate surface of the gas-liquid 
contact plate. 

H Generally/ packing provided in the absorption 

Q tower is broadly divided into two types: regular 

fU 10 packing and irregular packing. 

ill The regular packing, which is packed in the 

B absorption tower as a medium for gas-liquid contact, 

H has a construction such that gas-liquid contact 

ry plates produced by fabricating a sheet metal or a 

jlJ 15 wire net into various shapes are laminated regularly. 
During the operation of the absorption tower, a 
liquid film is formed on the surface of packing (gas- 
liquid contact plate) by a reactant solution supplied 
from the upper part of the tower. The irregular 
20 packing, which is packed in the absorption tower as a 
medium for gas-liquid contact in the same manner as 
the regular packing, has a construction such that 
gas -liquid contact members fabricated into various 
shapes, such as ring-shaped chains, are arranged at 
25 random. 
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In recent years, there has been developed the 
regular packing using a "parallel wet wall system" 
having a far lower pressure loss than that of the 
conventional packing. A feature of this regular 
5 packing is that the gas-liquid contact plates are 
arranged in parallel longitudinally in contrast to 
the conventional regular packing, by which the 
pressure loss can be decreased, and the effective 
surface area can be increased. For such regular 

10 packing of the parallel wet wall system, it is 

preferable that the liquid spread wetly as wide as 
possible because the absorbing performance depends on 
the total surface area of liquid film. 

As a gas-liquid contact plate used as the 

15 packing, a multi-layer plate in which plain woven 

wire nets are joined on both faces of a flat plate by 
the sintering process has been used, and it is known 
that high wettability is achieved by the gas-liquid 
contact plate in which the wire nets are joined to 

2 0 the flat plate. 

However, although the gas-liquid contactor 
using the above-described regular packing has high 
wettability, it is disadvantageous in terms of cost 
because of the need for a process in which a 

25 plurality of layers are produced and then lapped. 
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Also, since the gas-liquid contact plate consists of 
a plurality of lapped layers, one contact plate has a 
heavy weight, and thus the weight and size of the 
absorption tower body increase in the case where a 
5 plurality of contact plates are arranged. 

Furthermore, since the gas and liquid are shut 
off completely by the surface and the back surface of 
jz plate, a difference. in contact efficiency is liable 

S to arise between a location in which the gas or 

ry 10 liquid is easy to flow and a location in which it is 

yi difficult to flow on each contact plate in the 

^ absorption tower. Therefore, there is a certain 

H limit in increasing the contact efficiency as a whole. 

1^ Summary of the Inven-tion 

m 15 In view of the above problems, the inventors 

conducted studies earnestly to develop a gas-liquid 
contact plate that has high wettability, being 
capable of improving the gas-liquid contact 
efficiency, and is light in weight and advantageous 
2 0 in terms of manufacturing cost. 

As the result, the inventors found that the 
above-described problems can be solved by 
manufacturing a thin plate with a roughened surface 
having a particular shape. The thin plate is 
25 manufactured by pressing one flat plate to improve 
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wettability without the use of a multi-layer 
construction using a flat plate and wire nets. 

The present invention provides a gas-liquid 
contact plate in which a plurality of straight rows 
5 are provided; irregularities are foinned over both 

surfaces of the plate at equal intervals in the row; 
the adjacent rows have repeated irregularities 
opposite to each other; and in a peak or valley 
portion of the irregularities, there is formed an 
Si 10 opening connecting the surface to the back surface 
between the adjacent rows. In this gas-liquid 
contact plate, wavy irregularities are formed over 
H both surfaces of the plate at equal intervals in the 

!r^^ row, and the wavy irregularities of the adjacent rows 

^ 15 have a substantially opposite phase at the equal 

period. Also, it is preferable from the viewpoint of 
decreased distortion that one or two or more flat 
plate portions without irregularities be formed 
almost perpendicularly to the straight rows. 
20 Also, the present invention provides a gas- 

liquid contactor in which the gas-liquid contact 
plates are provided substantially in parallel with 
the flow of a gas, and a liquid supplied from the 
upper part toward the lower part flows down along the 
25 surface of the gas-liquid contact plate and comes 
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into contact with the gas supplied from the lower 
part. In this gas-liquid contactor, a mode is 
preferable in which the gas is an exhaust gas 
containing carbon dioxide; the liquid is a carbon 
5 dioxide absorbing solution; and carbon dioxide in the 
exhaust gas is absorbed and removed by the contact of 
the exhaust gas with the carbon dioxide absorbing 
1=^ solution. 

0 For the gas-liquid contact plate in accordance 

1 = - 

lU 10 with the present invention, since holes are formed in 

: r-i 

y 5 

IJl the transverse direction perpendicular to the liquid 

flow, the liquid flows while spreading not only in 
M the longitudinal direction but also in the transverse 

fU direction. Since the gas as well as the liquid flows 

m 15 in the transverse direction and is mixed with each 
other, the gas flow can also go freely onto the 
surface and the back surface of plate, unlike the 
case where the conventional flat plate or the multi- 
layer plate is used. Thus, in the gas-liquid contact 
20 plate in accordance with the present invention, the 
gas-liquid contact efficiency can be improved 
significantly by two actions: the capillary 
phenomenon of the flowing-down liquid and the flow of 
gas flowing on the surface and the back surface 
25 through the openings. 



6 



In the case where a plurality of plate-shaped 
members are provided in an absorption tower / for a 
conventional plate-shaped member without openings^ 
since the gas does not flow through the surface and 
the back surface / unless the liquid and gas are 
supplied by paying attention to each layer divided by 
the plate-shaped member, a difference in contact 
efficiency etc, between layers in the longitudinal 
direction may arise, and thus it is sometimes 
difficult to obtain a sufficient gas absorption 
efficiency as a whole • 

If the gas-liquid contact plate in accordance 
with the present invention is used, since the gas 
flows freely through the surface and the back surface 
of each contact plate, the gas does not stay in each 
layer divided by the plate. Therefore, a chance of 
substantially uniform gas-liquid contact is afforded 
on each contact plate, so that the operation can be 
provided so as to improve the gas absorption 
efficiency of the whole of the absorption tower. 
Also, excessive attention need not be paid to the 
uniform supply of gas into the tower, and the 
operation of the tower can be performed easily. 

As described above, the gas-liquid contact 
plate in accordance with the present invention is 



characterized by a low load on equipment and being 
advantageous in terms of manufacturing cost because 
it has high wettability/ being capable of improving 
the gas-liquid contact efficiency, and is light in 
weight . 

Brief Descrip-bion of -the Drawings 

Fig.l is a view schematically showing a gas- 
liquid contact plate in accordance with the present 
invention / FIG, 1(a) being a front view, FIG. 1(b) 
being a plan view, FIG. 1(c) being a side view, and 
FIG. 1(d) being a sectional view taken along the line 
A-A of FIG- 1(c) . 

FIG. 2 is a schematic view showing the flow of a 
liquid in a case where the gas-liquid contact plate 
in accordance with the present invention is used, in 
which A denotes a plate thickness, and B denotes a 
width from the center line. 

FIG. 3 is a schematic view of press dies capable 
of being used when the gas-liquid contact plate in 
accordance with the present invention is manufactured. 

FIG. 4 is a configuration view showing one 
example of absorption tower in which the gas-liquid 
contact plate in accordance with the present 
invention is incorporated. 

FIG. 5 is a configuration view schematically 
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showing laboratory packing performance evaluation 

test equipment used in example 3, 

The reference numerals shown in these figures 

are defined as follows: 1, gas-liquid contact plate; 
5 2, liquid supply port; 3, support member; 4/gas supply 

port; 5, liquid reservoir; 10 , absorption tower; 

11, opening; 12, liquid drop; 20, press die teeth; 

21, press die; 30 , absorption tower; 31, packing; 

32 , humidifier; 33, tank for used absorbing solution; 
10 34, tank for fresh absorbing solution; 35, heat 

exchanger; 3 6, heat exchanger. 

Dei:ailed Description of the Invention 
An embodiment for carrying out a decarburizing 

method in accordance with the present invention will 
15 be described in detail. The present invention is not 

limited to the embodiment described below. 

For a gas-liquid contact plate, the wettability 

is high in the case where the contact plate is a 

perforated plate with a plurality of holes formed 
20 therein. For example, if the plate thickness is 

about 0.3 mm, it is preferable that the optimum hole 

diameter be 0.5 mm and the rate of hole area be about 

23%. It is thought that many small-diameter holes 

provide a function of accelerating liquid wetting. 
25 However, in order to manufacture a simple perforated 
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plate ^ the plate must be manufactured by regularly 
punching out holes with a diameter of about 0 . 5 mm by 
using, for example, a precision-made pin. Such a 
process is not easy to perform, and the completed 
perforated plate is high in cost. 

Also, the plate having square grooves of a 
checkered form has high wettability, and for example, 
for the plate with a thickness of about 3 mm, square 
grooves of about 1 mm in depth and 1 mm in width are 
best suitable. 

Furthermore, for the before-described gas- 
liquid contact plate in which wire nets are joined to 
a flat plate, it has been found that when the mesh of 
wire net is changed in the range from #10 to #100 
(wire diameters about 0.2 mm), a mesh of #16 to #40 
provides substantially equivalent high wettability. 
Therefore, from the viewpoint of cost, roughness 
having a mesh of #16 (16/1 inch) is desirable. 

The present invention provides a gas-liquid 
contact plate that has construction and operation 
having any of the above-described features, and thus 
can improve the gas-liquid contact efficiency while 
having greater wettability. 

As shown in FIG. 1(a), a gas-liquid contact 
plate 1 in accordance with the present invention is 
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provided with a plurality of straight rows along the 
flow direction of the whole liquid from the upper 
part to the lower part. In FIG. 1, FIG. 1(a) is a 
front view/ FIG. 1(b) is plan view in which the 
contact plate 1 is viewed from the upside in the 
direction in which a liquid is allowed to flow, and 
FIG. 1(c) is a side view. As shown in the side view 
of FIG. 1(c)/ wavy irregularities are formed over 
both surfaces of the plate at the equal intervals, 
and the adjacent rows have repeated irregularities 
opposite to each other. Since wavy irregularities 
are formed in this embodiment, a substantially 
opposite phase is formed at the equal period. In a 
peak or valley portion of irregularities, there is 
formed an opening 11 connecting the surface to the 
back surface between the adjacent rows. 

Next, a manufacturing method for the gas-liquid 
contact plate in accordance with the present 
invention will be described. 

A general embossed flat plate is characterized 
in that the irregularities have roundness or one 
irregularity is relatively large. Therefore, when 
the gas-liquid contact plate having the above- 
described characteristics is manufactured by an 
ordinary embossing operation, it is difficult to 
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provide sufficient wettability. As a preferred 
manufacturing method, a method in which a flat plate 
is subjected to a particular pressing operation is 
used. With this method, a thin plate having the 
above-described characteristics as well as high 
wettability can be manufactured easily. 

The gas-liquid contact plate in accordance with 
the present invention can be manufactured by one 
pressing operation using male and female press dies 
21 with a plurality of teeth 2 0 arranged as shown in 
FIG. 3(a), for example. A generally used planar die 
has difficulty in performing fabrication of 
irregularities with small holes, fine fabrication, or 
fabrication of square groove shape. Therefore, the 
pressing operation is performed by using a die in 
which, for example, the end portion of a die material 
with a thickness of about 1 mm is fabricated so as to 
have irregularities, and the materials are laminated 
alternately. Thereby, strong openings 11 (through 
holes) can be formed at intervals of about 1 mm, and 
a plain woven wire net shaped pattern of about 1 mm 
unit is reproduced on the surface and the back 
surface, and at the same time, the grooves of a 
checkered form are provided. 

When the gas-liquid contact plate in accordance 
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with the present invention is manufactured by 
pressing^ a contact plate having all of these 
features can be obtained by one pressing operation. 
In this case, the manufacturing process is simplified, 
5 and this manufacturing method is also advantageous in 
terms of cost. 

When the gas-liquid contact plate in accordance 
with the present invention is manufactured by forming 
p openings by pressing, a plate material used is not 

1.5.1 

flj 10 subject to any special restriction, and any plate 
m material for fabrication can be used widely. Also, 

J when the contact plate is manufactured by pressing, 

O 

the rate of hole area is about 10 to 2 0%, so that a 
nj rate of hole area enough to provide high wettability 

15 can be kept. 

The gas-liquid contact plate in accordance with 
the present invention capable of being manufactured 
by pressing in this manner has high wettability 
equivalent to that of the conventional gas-liquid 

2 0 contact plate (40 mm 4 0 ram). Compared with the 
case where a multi-layer plate is manufactured, the 
cost can be reduced significantly. Also, compared 
with the case of a multi-layer plate using wire nets 
(4.2 kg/m^), the weight can be decreased 

25 significantly (about 2.4 kg/m^). 
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The gas-liquid contact plate in accordance with 
the present invention can be disposed in an 
absorption tower 10 as shown in FIG. 4. In the 
absorption tower 10, the gas-liquid contact plates 1 
are arranged in the plural number in parallel 
longitudinally on a support member 3 along the flow 
direction of gas and liquid. The gas flows toward 
the upper part through a gas supply port 4, and comes 
out of the tower through a gas discharge port at the 
uppermost part. On the other hand, the liquid is 
allowed to flow down toward the lower part of tower 
through a liquid supply port 2 provided at the upper 
part of the absorption tower. In the gas-liquid 
contactor portion shown in FIG. 4(b), the liquid 
flows down from the upper part to the lower part 
along the surface and the back surface. In FIG. 4(b), 
the gas-liquid contact plates are arranged in 
parallel. In this portion, the liquid flowing down 
along the surface comes into contact effectively with 
the gas flowing from the lower part to the uppermost 
part . 

The size of the gas-liquid contact plate is not 
subject to any special restriction, and can be 
determined arbitrarily according to the size, shape, 
installation location, etc. of the absorption tower 



used. 

Also, in the longitudinal direction, which is 
the flow direction of liquid, non-pressed portions 
which are not pressed can be provided at fixed 
intervals or at any intervals. Thereby, distortion 
of the gas-liquid contact plate itself can be 
decreased, so that the durability of plate can be 
enhanced. At this time, the wettability is not 
deteriorated by the non-pressed portions . 

Usually, as the size of the die increases, a 
forming error caused by pressing operation is more 
liable to occur. Therefore, if the pressed portion 
formed by one pressing operation is too large, 
openings to be penetrated may be closed, the opening 
may become insufficient, or other troubles may occur 

Thereupon, for the gas-liquid contact plate in 
accordance with the present invention, a mode is 
preferable in which in the shape of contact plate 
that is long in the longitudinal direction in which 
the liquid flows, two to five flat plate portions 
without irregularities are formed almost 
perpendicularly to the straight rows. 

According to the present invention, there can 
be provided a gas-liquid contact plate that has high 
wettability, being capable of improving the gas- 



liquid contact efficiency/ and is light in weight and 
advantageous in terms of manufacturing cost. 

The gas-liquid contact plate in accordance with 
the present invention has high wettability equivalent 
5 to that of the conventional gas-liquid contact plate. 
Also, for the gas-liquid contact plate in accordance 
with the present invention, the manufacturing process 
Mr is simplified, and thus the cost can be reduced 

□ greatly as compared with a multi-layer plate using 

ni 10 wire nets. Further, since the flat plate can be 
Ul manufactured by pressing, the weight can be decreased 

s greatly as compared with the multi-layer plate. 

M If the gas-liquid contact plate is used in an 

-.ssir - 

m absorption tower, the absorbing performance of the 

fil 15 absorption tower can be increased remarkably. 

The following is a description of the present 
invention in more detail with reference to examples, 
and the present invention is not limited to these 
examples . 
20 Example 1 fwet:i:ina test) 

A comparison experiment was conducted on a 
rectangular specimen with a length in the liquid flow 
direction of D mm by using a gas-liquid contact plate 
of the present invention having openings (a) and a 
25 gas-liquid contact plate having the same shape except 
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that the openings were not formed (b). 

For the contact plate without transverse 
openings (b), the liquid dropped downward so as to 
slide on one surface having protrusions, so that 
5 wetting did not spread. The width of liquid at a 
position D mm distant from the first one drop was d 
mm. 

Contrarily, for the gas-liquid contact plate of 
the present invention having the openings (a), since 

10 holes were formed in the transverse direction/ the 
liquid could move slantwise from a space formed in 
the adjacent rows to the opposite-side surface, so 
that wetting spread. The width of liquid at a 
position D mm distant from the first one drop was in 

15 the range of 5d to lOd mm. 
Example 2 (we-btinq -best;) 

For a gas-liquid contact plate in which a flat 
plate was subjected to electrolytic surface roughing 
treatment (c), even if the liquid was allowed to flow 

20 down a distance of 5 0 mm, the wetting spread was 8 mm. 
For a multi-layer plate in which wire nets were 
joined to the surface of flat plate (d), when the 
liquid was allowed to flow down a distance of 50 mm, 
the wetting spread was about 3 5 mm. 

25 Contrarily, for the gas-liquid contact plate of 
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the present invention in which a flat plate was 
pressed (e), when the liquid was allowed to flow down 
a distance of 50 mm, the wetting spread was about 45 
mm, and the wetting area of the whole surface 
increased significantly. 
Example 3 

The packing that was finished into a packing 
construction having a columnar shape 100 mm in 
diameter and 750 mm long by arranging the gas-liquid 
contact plates of the present invention in parallel 
at fixed intervals was arranged at six places in 
laboratory packing performance evaluation test 
equipment shown in FIG. 5. A dummy exhaust gas 
containing a 10% concentration of CO2 was introduced 
into a packed tower from the lower part thereof , and 
was brought into contact with an absorbing solution 
supplied from above the packing, then being 
discharged from the upper part of the packed tower. 
The performance of packing was represented by CO2 
absorption factor, and the CO2 absorption factor was 
determined from Equation ( 1 ) by measuring the CO2 
concentration of the inlet and outlet gases of the 
packed tower by using a CO2 analyzer. 

Same tests were conducted three times . Table 1 
gives the average CO2 absorption factor together with 
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the test conditions . 

CO2 absorption factor = [ (Cin-Cout ) / (Cin( 1-Cout ) ) ] 

X 100 •••(!) 

[In Equation (l), Cin denotes inlet CO2 
concentration^ and Cout denotes outlet CO2 
concentration ] 



Table 1 



Test condition 


Test 
result 


Inlet CO2 
Concentration 

(%) 


Liquid-«-gas 
Ratio 

(l/tn^) 


Inlet gas 
Temperature 

rc) 


Inlet 

liquid 

temperature 


CO2 

absorption 
factor 
(%) 


10 . 4 


1 . 75 


46 


38 


92 . 4 



Comparative example 1 

The performance of packing that was finished into a 
packing construction using the gas-liquid contact 
plate of the present invention shown in example 3 
(hereinafter referred to as Kl) was compared with the 
performance of packing that was finished into a 
packing construction having a columnar shape using a 
gas-liquid contact plate, which was a multi-layer 
plate produced by' joining plain woven wire nets to 
both surfaces of a conventional flat plate by the 
sintering process (hereinafter referred to as K2 ) . 
For this purpose, K2 was packed in the test equipment 
shown in FIG, 5, and a test was conducted under the 



same test conditions as those in example 3, by which 
the CO2 absorption factor was measured. 
Ccanpara-bive example 2 

In order to compare the performance of Kl using 
5 the gas-liquid contact plate of the present invention 
with the performance of commercially available 
regular packing^ the commercially available product 
of the same volume as that of Kl was packed in the 
test equipment shown in FIG. 5, and the perfojnaance 
10 was evaluated under the same test conditions as those 
in example 3 . 

As the result, the CO2 absorption factor was 

85.6%. 

From the results of the above-described example 
15 3 and comparative examples 1 and 2, it was revealed 
that Kl of the present invention has CO2 absorbing 
performance equal to or higher than that of 
conventional K2 . Also, it was also found that since 
Kl using the gas-liquid contact plate of the present 
20 invention is light in weight and low in cost, it is 
advantageous to , change conventional K2 to Kl . 
Further, it was made clear that Kl of the present 
invention has considerably higher CO2 absorbing 
performance than the conventional packing used in the 
25 actual equipment. Therefore, it was found that if Kl 
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of the present invention is used, the packing volume 
decreases as compared with the conventional packing, 
so that Kl also has a merit as compared with the 
commercially available product • 



